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ABSTRACT

The mass attenuation coefficients, partial interaction and shielding proper-
tiesof xBi,0,: (60-x) BaO:40B,0, where 10<x<50 glass system have been
investigated on the basis of the mixture rule. The results arein good agree-
ment with the theoretical values, calculated by WinXCom. Mass attenua-
tion coefficients and shielding properties were increased with increasing of
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Bi,O, conentration, due to increasing of photoelectric absorption in glass
samples, However the Compton scattering are also main interaction in total
interaction. Their shielding properties are also better than ordinary shield-
ing materials. Theseresults areindicating the possibility of lead free glasses

in radiation shielding materials.
© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Withincreasing useof gammearray activeisotopes
inindustry, medicine and agriculture, it has now be-
come necessary to study shielding propertiesin various
materiasof technological and biological importance.
Thereisawaysaneed to develop materia which can
be used under harsh conditionsof nuclear radiation ex-
posureand can act asshielding material s For nuclear
radiation shidding, alargequantity of shiddingmateria
isrequired, therefore, study of propagation flux of ra-
diationflux inshielding materidsisan essentid require-
ment for shield design.

Magjor mass of nuclear radiation shielding consist

of layersof different concreteswith different composi-
tionsand dengities, but considerablevariaionsinwater
content in concretes add uncertainly in cal cul ation of
attenuation coefficient and related shiel ding param-
eterd?. Moreover they area so opaqueto visiblelight.
Materid sto beused for shield design should have ho-
mogeneity of density and composition. Glasses are
promising materiasinthisregard. Severd glasseshave
been devel oped for nuclear engineering applications
because they accomplish the doubletask of alowing
vighility whileabsorbingradiationslikegamma-raysand
neutron, thus protection observer23,

A good shielding glass should have high value of
interaction cross-section and a the sametime, mechani-
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cal and optica propertiesmust bestudied. Nowadays,
bismuth and barium are playing onimportant rolein
radiation glassshielding replacelead dueto environ-
menta hazardous of lead and protectionisminworld
economy. Good reviewson radiation shielding glass
devel opment have been published recently by severa
authorg*,

Inthiswork, we have measured total mass attenu-
ation coefficientsand cal cul ated the partia interaction
of candidate materia sto develop lead freeradiation
shielding glass (bismuth and barium). TBi,O,-BaO-
B,O, glassessystem at 662keV wereinvestigated and
compared shielding parameters(HVL) with some stan-
dard shidding materia sfor useful radiationshiddingglass
and materidsdesign.

THEORY

Inthis section we summarizetheoretical relations
used in the present work. Thetota probability for in-
teraction , caled thetotd linear (L) attenuation coef-
ficient, isequd tothesum of the partia probabilities®.
UH=T+0+K (@)
Wheret, ¢ and k isthe probability for photoel ectric
absorption, Compton scattering and pair production re-
spectively, and can be derived from thefollowing for-
muld®.

tem™)=aN(Z" /E])[1-f(Z)] )
s(cm™) = NZf (E,) ©)
k(cm™) = NZ? (E, ,Z) @)

Inwhichaisaconstant coefficient, independent of
Z and Ey. Parametersm and n are constantswith val-
uesbetween 3and 5 depending on gammaenergy. Nis
atomic density and Z isatomic number. Although the
coherent scattering can appear but itisnegligibleat high
energy. Theoretical vauesof the massattenuation co-
efficients (um) of mixture or compound havebeen cd-
culated by WinXCom, based on the mixture rul€.
Thus

n

%=um = Zwi(pm)i (5)
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where (um), isthe mass attenuation coefficient for the
individua eementineach component, andw isthefrac-
tiond weight of thee ement intheeach component. This
mixtureisvalid when the effectsof molecular binding,
chemical and crystallineenvironment are negligible.
Theoretica valuesfor the mass attenuation coefficient
can befoundin thetabulation by Hubbell and Seltzer. A
lot of manual work can be saved by using suitabl e soft-
ware. Berger and Hubbell developed XCOM for cal-
culating mass attenuation coefficientsor photoninter-
action cross-sectionsfor any element, compound or
mixture at energy from 1keV to 100GeV. Recently,
XCOM wastransformed to the Windows platform by
Gerward et a.'9, called WinX Com.

WinX Com can generate cross-section or attenua-
tion coefficientsof e ement, mixtureand compound on
astandard energy grid, spaced gpproximately logarith-
mically, or on agrid specified by the user, or for amix
of both grids. The program providestotal cross-sec-
tionsand attenuation coefficientsaswed |l aspartid cross-
section for incoherent and coherent scattering, photo-
electricabsorptionand pair production. For Compound,
the quantities cal cul ated are partial and total mass at-
tenuation coefficients. Totd attenuation coefficentswith-
out the contribution from coherent scattering area so
given, sincethey are often used in gamma-raystrans-
port cal cul ation*Y,

EXPERIMENTAL

Samplepreparation and char acterization

Theglasssampleswere prepared by using high pu-
rity Bi,O,, BaCO, and H,BO, inthecompositionrange
of (W%) xBi,0,:(60-x)Ba0:40B,0, where 10<x<50.
Each batch weighsabout 50gwasmdtin porcdan cru-
ciblesby placingtheminandectrica furnacefor anhour,
at 1100°Ctill abubblefreeliquid wasformed. These
meltswerequenched a room temperatureinair by pour-
ing betweenthemdt onagtainlesssted plateand press-
ingwithanother dainlesssted plaie Thequenched glasses
were annealed at 500°C for 3hour to reduce thermal
stress, and cooled down to roomtemperature. All glass
sampleswere cut and polished in proper shapefor fur-
ther studies. At theroom temperature, densities(p) of dl
glasssamplesweremeasured by Archimedes’smethod
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usngxyleneasanimmersonliquid. Thedengtyiscacu-

lated accordingto theformula;
= WA
p= m X Pxylene g/cm? @

wherew, theweight of thesampleinair, istheweight of
thesampleinxylene, and dengity of xyleneis0.863g/c.
Transmission experiment and data processing
method

The block diagram of good geometry set up is

shown in Figure 1. The source and absorber system
were mounted on compositeof adjustablestands. With
the help of ascrew arrangement the platform having
material was a so made capable of movement inthe
transverse direction to theincident beam for proper
aignment (Inthisexperiment fix a 13cm). Thesample
detector solid anglewas <0.5x10-4 sr. The Cs™ ra
dioactive sourceof 15m Ci strength were obtain from
office of atomicfor peace (OAP), Thailand. Theinci-
dent and transmitted gamma-raysintenstieswerede-

CANBERRA
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Figurel: Experimental setup of transmission method

termined for afixed preset timein each experiment by
recording the corresponding counts, using the 2''x2"

Nal(Tl) detector (BICRON model 2M 2/2) having an
energy resolution of 10.2% at 662keV, with
CANNERRA PMT base model 802-5. The statistical

uncertainly waskept bel ow 0.3% by choosing the maxi-
mum counting time (fixed present timeat 3,000 sec-
ond) so that 105-106 countswererecordedinthefull

energy peak!d. Thedead timein thisexperiment was
0.73%-1.37%. The pulse shaping timeis0.5us. The
optimum samplethicknesswas sdl ected in thisexperi-
ment, suggest from published literature™?4, Thesta-
tisticd error andyssinthisexperiment cal culated from
standard error (ratio of standard deviation to mean) of
3 part (i)ray-sum measurement, (ii)density measurement
and (iii)thickness measurement. Findly, thetota stan-
dard error has been determined from combine errors
for theray-sum measurement, density measurement and
thickness measurement in quadraturé*?*, The mea
surementswere repeated threetimesto improvethe
statistical error. The spectrawererecorded using by a
CANBERRA (Accuspec Nal plus) PC-based multi-
channel anayzer card. Thevalidation of gamma-rays
transmission measurement was checked by measure
lead (Pb) dabincover rangeof ray-suminthisresearch
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(ray-suminthisresearch about 0.5).Thelinear atenua-
tion coefficients () for Pb can determined from dope
of graph plot of ray-sumwith thickness. Thedeviations
from linearity of graph herewill indicate problemsdue
to scatter and beam hardening respectively. From the
result, thesystemislinearity inthisexperimenta region
(R2=0.9976), and slope=1.17cm* which isin good
agreement with itstheoretical vaueof 1.24 cm, cal-
culated from WinX Com program.

RESULTSAND DISCUSSION

Thechemica composition, densty and mass-thick-
nessof glasssamplesaregivenin TABLE 1. Itisseen
that the density of glass samplesincreaseswith higher
Bi, O, content, dueto higher molecular weight of Bi.O,
compared to that of BaO, thereforeit isexpected re-
ault.

TABLE 2ligstheexperimenta and theoretica va-
uesof total mass attenuation coefficientsof xBi,O,:(60-
X)Ba0:40B,0, glass system, where 10<x<50. Ingen-
erd, theexperimenta va ues agreewith thetheoretical
valueswhich arecd culated fromWinX Comwithin ex-
perimental error 0.00%-1.34%, show that themass at-
tenuation coefficientsincreasewith Bi, O, content, due
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TABLE 1 : Chemical composition, densities and mass
thickness of glass samples

Composition (% w) Mass
_ (60- Density(g/cm®) Thickness
XBi,0; X)BaO 40B,05 (glcmZ)
10 50 40 4.48 7.44
20 40 40 4.95 7.62
30 30 40 5.14 7.56
40 20 40 5.49 7.69
50 10 40 5.58 7.70

TABLE 2 : Total mass attenuation coefficients (cm?g) of
Bi,O,-Ba0-B,0O, glasssystem

0 i (Bm)tn(x 10? (l—lm)eX(xj-o_2 ) *
9% of Bi,Os o) o) % RD
10 7.99 7.98+1.07 0.13
20 8.30 8.30+1.40 0.00
30 8.61 8.57+0.68 0.47
40 8.93 8.81+0.65 134
50 9.24 9.32+0.50 0.87
0.10
0.09 - M
g 0.08 1+ ;
2 y = -0.000018x + 0.068441
CTE L AU S R P R e S A
% 0.086 - o CORBTENT
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Figure2: M assattenuation coefficientswith partial interac-
tionsof glasssamplesasafunction Bi,O, content
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Figure3: Thehalf valuelayer of xBi,O,:(60-x)Ba0:40B,0,
glasssystem (thiswor k) comparewith somestandard radia-
tion shielding materials
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toincreasing of photod ectric absorption interaction of
al glasssamplesasshow inFigure2. Smilarly resultis
good agreement in caseof Bi,O,-B,O, were published
by K.Singh et a.®. The Compton scattering interac-
tionsared so comparablefor thewholerangeof glasses
studied, and the decreasing rateisvery tiny within-
creasing of Bi, O, concentration. Thepair production
interaction does not occur dueto theenergy lessthan
1.02MeV. The coherent scattering interactionswere
observed, but havevery littleeffect at thisenergy. How-
ever, Compton scattering gives dominant contribution
to thetotal massattenuation coefficientsfor sudied all
glasssamples.

In addition, Figure 3 shows the half value layer
(HVL) of xBi,O,: (60-x) BaO:40B,0, glasssystemin
thisresearch compare with some standard radiation
shidding materid stakenfromliterature®*. It hasbeen
observed that HVL of xBi,0,:(60-x) Ba0:40B.0,
glassessystemwere decreasewithincreasing of Bi,O,
concentration, reflecting thebetter shielding properties,
and better than some standard radiation shielding ma:
terids, Theresultsimply very useful of Bi and Bacom-
ponent inradiation glassshielding. Besded| mentioned
usefulness of new materia, the development of |ead-
freeradiation protecting glasswill leave non-toxically
Impact to our environment.

CONCLUSIONS

In conclusion, themassatenuation coefficients, par-
tid interaction and half value layer of xBi,0, :(60-
X)Ba0:40B,0, glasssystem have been investigated on
thebas sof themixturerule. Theresultsaregood agree-
ment with the theoretical values, calculated by
WinXCom. All shielding parametersareincreasewith
Bi,,O, content. This may be due to the dominance of
incoherent (Compton) scatteringinthisenergy (662keV).
Their shidding propertiesared so better sandard shid d-
ing materials. Moreovey, it hasbeen a so observed that
thevery ussful of Bi and Bacomponentinshieldingglass
matrix. Theseresultsareindicatingthepossibility of lead
freeglassesinradiaion shidding materids.
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